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Through the release of distinct sets of cytokines, Thl 
and Th2 cells exert characteristic and often mutually 
exclusive or antagonistic immune effector functions. 
In the present report, we document and discuss sev­
eral findings on the induction mechanisms of these 
cellular subtypes and present recent findings on their 
respective functions in vivo. The preferential induc­
tion ofThl or Th2 cytokine patterns in mature CD4+ 
T cells is generally attributed to the action of cyto­
kines. In addition, there is evidence that prolonged 
T-cell receptor occupancy may induce the develop­
ment of the Th2 phenotype. Prolonged occupancy of 
the T-cell receptor provides enough autocrine inter­
Ieukin-4 to permit induction of the Th2 phenotype. 
Both Thl and Th2 cells may be derived from a single 
mature CD4 + T cell, providing strong evidence for 
post-thymic modulation of the T-cell cytokine profile 
T he function ofT-helper cells (Th) is closely related to . the cytokines they secrete upon activation. These cytokines are soluble polypeptides that act as potent honnone-Iike pleiotropic messengers, which control a wide range of biologic functions in their target 
cells, including cell movement, growth, differentiation, and other 
functions. Cytokines are usually active within a very short range 
and thus serve as cell-to-cell communication molecules. Cytokine 
release from Th cells is directional and happens chiefly at the site of 
the interaction between the T-cell receptor (TCR)/CD3 complex 
and peptide antigen presented in the context of the major histo­
compatibility complex (MHe) class II molecules [1,2]. This immu­
nologic "synapse" fonnation between the T cell and the antigen­
presenting cell (APe) is achieved by interaction of the TCR with 
the MHC class II-peptide complex and a series of additional 
receptor ligand pairs that have adhesive and costimulatory proper­
ties [3]. 
Mature, nonprimed resting Th cells activated in vitro produce 
little or no cytokines except for interieukin (IL}-2, which serves as 
an autocrine growth factor. In contrast, previously activated ("an­
tigen-experienced") CD4 + T cells may produce a vast array of 
cytokines (Table I) when restimulated and become capable of 
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and rendering the possibility of predetermined cyto­
kine patterns in T cells unlikely. CD4 + Thl cells 
mediate the tumor necrosis factor- and interferon-".. 
dependent classic delayed type hypersensitivity reac­
tion. We found that Th2 cells were also capable of 
mediating local inflammatory reactions that de­
pended on their prototypic lymphokine interleu­
kin-4, and, in high tumor necrosis factor-producing 
mouse strains, upon tumor necrosis factor-a. Both 
Th-cell subsets induced cellular infiltrates that were 
not distinguishable on histologic grounds. In contrast 
to the widely accepted belief that only Thl cells can 
mediate delayed hypersensitivity reactions, our re­
sults demonstrate that T cells with either lymphokine 
profile can cause tissue inflammation with leukocytic 
infiltrates. Key words: T-cell receptor occupaticyli'!flamma­
tionlcytokinesIIL-4. J Invest Devmato1105:8S-13S, 1995 
subservfug various effector functions. In 1986, Mosmann et al [4] 
became aware of the fact that many long-tenn cultured Th-cell 
clones did not produce a random pattern of cytokines, but could be 
classified into two distinct subsets according to the cytokine profile 
they secreted upon reactivation. The first group comprised clones 
preferentially producing IL-2 and interferon (IFN)-'Y and was 
tenned Th1; the other subset was composed of clones that pro­
duced large amounts of IL-4 and IL-S, but no detectable 1L-2 or 
IFN-'Y. This second subset was tenned Th2 [4]. Extension of the 
analysis to further cytokines confinned that the two subsets pro­
duced cytokines unique for each subset but shared the release of 
others [5-7] (Table I). 
The significance of the Th-subset definitions relies on the fact 
that cytokine pattern and function are closely related [6], whereby 
Th1 and Th2 cells very often exert opposite functional activities. 
The exclusive cytokine profiles ofThl and Th2 represent extremes 
of a spectrum of possible cytokine patterns. This became apparent 
when the existence ofTh-cell clones with an intennediate cytokine 
pattern, comprising both Th1- and Th2-specific cytokines, was 
reported [8]; these cells were termed ThO. ThO cells have been 
considered potential precursors of Th1 and Th2 subsets [9]. The 
unrestricted cytokine pattern of ThO cells closely resembled that of 
polyclonal CD4 + T-cell populations that were restimulated in vitro 
after primary activation. 
In this report, we review the factors involved in the regulation of 
the Th-cell cytokine pattern, based on findings made by us and by 
other groups. We furthennore discuss the various effector functions 
of Thl- and Th2-cell subsets and fwally describe which T-cell 
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Table I. Cytokine Production by Murine Thl and 
Th2 Cells· 
Cytokine 
IL-2 
IFN-y 
TNF-f3 
IL-3 
GM-CSF 
TNF-O' 
IL-4 
IL-5 
IL-6 
IL-9 
IL-10 
IL-13 
Th1 
+++ 
+++ 
+++ 
++ 
++ 
++ 
Th2 
++ 
++ 
+ 
+++ 
+++ 
++ 
+++ 
+++ 
+++ 
Main Other Sources 
Tc (B) 
Tc,NK 
Tc, B 
MC 
MC, M<I>, FB, EnC 
M<I>,KC 
Thy, Baso, MC, Tc 
MC 
M<I>,EnC 
T, B, MC, M<I>, KC 
• Baso, basophilic polymorphonuclear leukocytes; EnC, endothelial cells; FB, 
fibroblasts; GM-CSF, granulocyte-macrophage colony-stimulating factor; KC, kera­
tinocytes; Me, mast cells; M<Il, monocytes/macrophages; NK, natural killer cells; Te, 
cytotoxic T cells; Thy, thymocytes; T, T cells; B, B cells. 
cytokines are involved in tissue inflammation that can be elicited by 
activated Th-cell subsets. 
MATERIALS AND METHODS 
Animals and Reagents BALB/c, C3H, CBA, C57BLl6, C57BLl10, 
B10.D2, B10.A, and B10.A(2R) mice used in our studies were 4-12 weeks 
of age and were purchased from IFFA-Credo (Arbresle, France) , from 
Harlan CPB (Zeist , The Netherlands), or from KFM (Fiillinsdorf, Switzer­
land). Cells were cultured in Iscove's modified Dulbecco's medium supple­
mented with 1% minimal essential medium nonessential amino acids, 100 
U/ml penicillin, 100 JLg/ml streptomycin, 2 mM L-glutamine, and 10% 
heat-inactivated fetal bovine serum (all from Gibco, Grand Island, NY); 1 
mM sodium pyruvate (Fluka, Buchs, Switzerland); and 2 X 10-5 M 
2-mercaptoethanol (Sigma, St. Lonis , MO). Concanavalin A (Con A) was 
purchased from P-L Biochemicals (Milwaukee , WI). Monoclonal antibod­
ies (MoAbs) to CD3e (145-2C11) [10] and pan-af3 TCR (H57-597) [11] 
were purified from hybridoma supernatant by affinity chromatography on 
Protein A-Sepharose (Pharmacia, Uppsala, Sweden) . Inhibitory reagents 
against cytokines were given to recipient animals as described [12,13]. 
Preparation and Culture of Polyc1onal Tht and Th2 Cells CD4 + 
T cells with a Th1- or Th2-like phenotype were prepared as described 
[14,15] by activation of CD4+ T cells in 2-3-d cultures with 3000 
rd-irradiated splenocytes in the presence of Con A (2 JLg/ml), followed by 
expansion for 10-11 d in medium containing 50 U/ml recombinant human 
IL-2 (Eurocetus, Amsterdam, The Netherlands) , in the presence (Th2) or 
the absence (Th1) of Con A (1 JLg/ml) or MoAb 145-2C11 (1 JLg/ml). 
Footpad Swelling Assay Viable Th1 and Th2 cells were incubated for 
1 h on ice with MoAb 145-2Cll (undiluted hybridoma supernatant), 
washed extensively in phosphate-buffered saline, and injected subcutane­
ously into the hind footpads of healthy nonimmunized recipient animals, as 
described [12,13,16]. The thickness of each hind paw was measured with 
precision calipers (Interapid, Rolle, Switzerland) immediately before and at 
various times after injection . Swelling was defined as the difference between 
paw thickness after injection and thickness before injection. Results are 
shown as mean swelling ± SD. Each experimental group comprised five 
mice. Wilcoxon-Mann-Whitney rank sum test was used for statistical 
analysis. Histologic examinations were carried out blinded, as described 
previously [12,13]. 
Cytokine Assays Tumor necrosis factor (TNF) was determined by its 
inhibitory action on the growth of WEHI 164 subclone 13 fibrosarcoma 
cells [13]. IL-2 and IL-4 were tested in CTLL-2 growth assays, as described 
[14,15]. IL-5 and IFN-y were determined by enzyme-linked immunosor­
bent assay, as described [15]. 
Nortbem Blotting Total RNA was extracted from developing Th1 and 
Th2 cultures (10' cells per data point) 6 h after antigen-presenting cell 
(APC)-free restimulation, following the recommendations of the manufac­
turer (Promega, Madison, WI). Ten micrograms of total RNA was resolved 
on 1% agarose gels and blotted on nitrocellulose membranes following 
standard procedures . The filters were hY1:lridized overnight with probes for 
murine IL-2 and IL-4 (kindly provided by Dr. O. Kilgus, Department of 
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Table ll. Cytokines That Induce a Restricted 
Lyntphokine Response in Naive CD4+ T Cells· 
Inducer 
Cytokine 
IL-4 
IFN-y 
IL-12 
EmergingTh 
Phenotype 
Th2 
Thl 
Th1 
• Abbreviations as in Table I. 
Potential Cellular Source 
Activated T cells, Baso, MC, Thy 
Activated T cells 
M<I>, keratinocytes 
Dermatology, Vienna University Medical School, Vienna, Austria) that had 
been 32P_labeled by random priming. 
RESULTS AND DISCUSSION 
Induction of Differential Lyntphokine Patterns In Vitro: The 
Eft"ect of Cytokines Experiments with long-term cultured T­
cell clone� did not allow identification of the signals that direct the 
preferential induction ofThl or Th2 lymphokine patterns;·in fact, 
it appeared that the lymphokine pattern of such long-term clones 
was fixed and was not modulated by culture parameters. Therefore, 
various short-term culture systems were established to determine 
which factors regulate the development of the Thl and Th2 
phenotypes . 
Several groups have found that the addition of IL-4 to cultures 
containing T cells purified to various degrees and antigen pr 
antibodies to the TCR/CD3 complex induced IL-4 production in 
response to restimulation [17] (Table 11). IL-4 production can be 
induced with exogenous IL-4 in CD4+ as well as in CD8+ T cells 
[18]. So far, IL-4 remains the only cytokine capable of inducing its 
own production in T cells. In addition, IL-4 up-regulated the 
expression of other cytokines, such as IL-5 and IL-6. It thus appears 
that IL-4 functions as a key factor for the induction of the entire 
Th2 cytokine series. Moreover, IL-4 down-regulated the produc­
tion of the Th1 cytokines IL-2 and IFN-')' [19], thereby promoting 
the developmen� of the restricted Th2 cytokine profile. As IFN-')' is 
a prototypic cytokine of the Thl subset, several investigators have 
tested the elfects of this cytokine on the induction of Th2 cells and 
obtained apparently conflicting results. Some reports documented 
that the development of IL-4-producing cells in the presence of 
APC plus antigen was inhibited by IFN-,), and that the majority of 
outgrowing T cells had a Th1 phenotype [20,21]. This is in line 
with the observation of a Th2-like response in IFN-'}'- deficient 
mice infected with Leishmania major [22] . However, other investi­
gators found that the induction of IL-4-producing T cells by IL-4 
was resistant to the presence of high amounts of IFN-')' [15,23]. 
This issue was resolved when it was found that IL-12 is required for 
the induction ofIFN-'}'-producing Th1 cells and that IL-12 induced 
the autocrine up-regulation ofIFN-,), [24] (Table 11). IL-12 can be 
produced by macrophages, and their presence in T-cell cultures 
may thus alfect the cytokine pattern of outgrowing T cells. Because 
the culture systems in which IFN-,), has been shown to promote the 
development of Th1 cells all contained macrophages, and as the 
culture systems in which the induction ofTh2 cells was not affected 
by IFN-,), were depleted of accessory cells, the app3fently divergent 
results can be explained by the presence or absence ofIL-12 in the 
respective culture systems. However, the elfect ofIL-4 dominates 
over that ofIL-12 inasmuch as the combined addition of IL-4 and 
IL-12leads to the outgrowth ofTh2 cells [25]. Several intracellular 
pathogens such as mycobacteria and listeria may induce a Th1-like 
response via the induction ofIL-12. Whereas IL-I0 had no elfect on 
the induction of dilferent cytokine patterns in the absence of APC, 
T cells primed for a Thl phenotype and reactivated in the presence 
of macrophages and IL-I0 showed decreased lymphokine produc­
tion and proliferation. IL-I0 probably acts indirectly by down­
regulating the expression of the co stimulatory molecule CD80 
(B7-1/BB1) in macrophages. Costimulatory molecules such as 
CD80 are required for the activation ofThl cells. In their absence, 
the expression ofThl cytokines is impeded and may fail in response 
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Figure 1. Northern blot analysis of IL-2 and IL-4 production by 
developing polyclonal Thl and Th2 cells. At the given times after 
initial stimulation, 107 cells of either population were restimulated, and their 
total RNA was extracted and hybridized as described in Materials and 
Methods. 
to subsequent stimulation. This process is also known as anergy 
induction. In contrast, Th2 cells do not require co stimulation via 
the CD80 ligand CD28 and are therefore insensitive to this effect of 
IL-I0, Thus, IL-I0 may favor the generation of Th2 cells by 
anergizing the response ofTh1 cytokines via regulation of the APC. 
Induction and Modulation ofDUFerential Lymphokine Pat­
terns In Vitro: The Effects ofTCR Occupancy In vivo studies 
in which MHC haplotype-dependent development ofThl and Th2 
cells was observed in response to the same antigen suggested that 
the natural antigenic peptide-MHC class II complex could deter­
mine whether an animal reacts with a Thl or a Th2 response 
[26-28]. It was also reported that the antigen used for priming in 
vivo determined the in vitro development of antigen-specific Th-cell 
subsets [29]. These experiments suggested that the TCR ligand 
may have an influence on the resulting T-cell cytokine pattern. We 
observed that culture of activated CD4 + T cells in the continuous 
presence of the T-cell mitogen Con A together with IL-2 for 8-11 
d induced a Th2 cytokine pattern. Activated CD4 + T cells cultured 
for the same period with IL-2 alone released Thl cytokines in 
response to restimulation. This differential cytokine expression was 
confirmed at the mRNA level: developing Thl and Th2 cells 
expressed increasing amounts ofIL-2 and IL-4, respectively, when 
restimulated at various times after initiation of the induction culture 
(Fig 1). Cells cultured with Con A for shorter periods followed by 
culture in IL-2 had a ThO cytokine pattern, indicating that pro­
longed culture with Con A was required for the induction of a pure 
Th2 phenotype. As activated T cells were prepared by a 48-h 
incub.ation with Con A and a pure Thl phenotype resulted after 
subsequent culture with IL-2 alone, it is evident that the short-term 
activation with Con A was not sufficient for the induction of a ThO 
or Th2 phenotype. Because Con A is mitogenic, as is MoAb to the 
TCR or to the CD3E, we suspected that the prolonged occupation 
of the TCR may m�dulate the cytokine pattern toward the Th2 
phenotype. We thus tested the effects of various MoAbs to T-cell 
surfuce molecules on the cytokine pattern. In the presence of 
anti-CD3 and anti-pan-a(3 TCR MoAbs, Th2 cells were induced, 
whereas cells cultured in the presence of anti-CD4 and other 
control MoAbs developed a Th1 phenotype. In other experiments, 
staphylococcal enterotoxin B-activated CD4 + T cells were cul­
tured in the presence of anti-V (38 MoAb for 10 d and subsequently 
sorted for the expression of V(38 and restimulated with staphylo­
coccal enterotoxin B. Only staphylococcal enterotoxin B-respon­
sive V/38+ cells had a Th2 phenoO'Pe, thus demonstrating that 
cytokine release induced by the MoAb in V(38+ cells was unable to 
induce a Th2 phenotype in V(38- cells, but that prolonged TCR 
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Figure 2. IL-4 is critically involved in the development ofTh2 cells 
in the presence of a stimulatory TeR ligand. Freshly isolated CD4 + T 
cells were activated in vitro and subsequently expanded in media supple­
mented as indicated. After 11 d of culture, the cells were washed and 
restimulated. Cytokines were detennined in the supernatants after 48 h. 
l1Bll, MoAb to IL-4; 2Cll, MoAb to CD3E. 
occupancy was required for induction of the Th2 phenotype (only 
in V(38+ cells) [15]. These experiments thus prove that TCR 
ligands may influence development of the cytokine pattern in 
CD4 + T cells. Cytokines produced during the prolonged stimula­
tion period, however, may play a role in the induction ofTh2 cells, 
as developing Th2 cells secreted large amounts of IL-4, IL-5, and 
IFN--y during the induction phase, whereas Thl cells did not [15]. 
Moreover, the experiment shown in Fig 2 confirmed the critical 
role ofIL-4: addition of anti-IL-4 MoAb (l1B11) to T-cell cultures 
containing IL-2 plus anti-CD3 MoAb prevented the induction of 
1L-4-producing (Th2) cells, but resulted in IL-2-producing (Thl) 
cells. Subsequent experiments performed with the described exper­
imental system showed the following: 1 )  1L-2-producing cells 
corresponded to Thl cells because they also produced lFN--y but 
no IL-5, and 1L-4-producing cells were authentic Th2 cells inas­
much as they also produced 1L-5 but not IFN--y [15]; 2) both cells 
of the "naive" (CD4410WCD45Bhigh) as well as cells of the "mem­
ory" (CD44highCD451ow) subset ofTh cells could be differentiated 
into Thl and Th2 cells [15]; and 3) as observed with Th-cell clones, 
polyclonal Thl cells were unable to provide help for immunoglob­
Ulin . production by naive B cells, whereas Th2 cells strongly 
promoted the secretion ofIgGI and 19E [15]. 
With a single-cell cloning system, we have shown that both Thl­
and Th2-cell populations could be derived from a single common 
precursor cell. Single-cell cultures of mature resting CD4 + T cells 
were activated, expanded, and split in two. One of the two split 
clones was subsequently grown in 1L-2 alone, whereas the other 
was cultured with 1L-2 and anti-CD3€ MoAb. In 68% of the cases, 
the first subclone had a Thl and the second a Th2 phenotype upon 
restimulation [30]. Moreover, we have observed that short-term 
cultured Thl cells could be converted into Th2 cells upon culture 
for 12 d in the presence ofIL-2 plus anti-CD3€ MoAb, even at a 
clonal level (Fig 3), whereas we have never observed a Th2 cell 
reverting to a Thl phenotype. 
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Figure 3. Thl cells develop a Th2 phenotype upon short-term 
culture with IL-2 and anti-CD3E. Cells from a subclone with a Thl 
phenotype were transferred to culture media containing IL-2 plus anti­
CD3e MoAb 14S-2Cl1. Upon restimulation 11 d later, the culture was 
analyzed for its cytokine profile. Error bar, 1 SEM. 
Murine Thl and Th2 Cells In Vivo The occurrence of Thl­
and Th2-like cells has been found to be associated with various 
appropriate and inappropriate immune responses in vivo [17,31]. 
The in vitro elf ector functions of CD4 + T-cell clones and lines of the 
Thl and Th2 type have been studied and reported extensively. The 
best-documented example of in vivo development of Thl and Th2 
cells and their association with dilferent immune responses has been 
provided by murine leishmaniasis. Mouse strains resistant to L. 
major mounted responses directed by IL-12 and the development of 
IFN-'}'-producing Thl-like cells that induced macrophage activa­
tion to a microbicidal state and led to elimination of the parasites. 
Treatment of these mice with antibodies to IL -12 or IFN -y reverted 
them to susceptibility to L. major. Likewise, IFN-'}'-deficient mice 
bred into a C57BL/6 background had progressive disease [22]. In 
contrast, BALBI c mice are highly susceptible to infection with 
Leishmania and mount a deleterious Th2 response. Neutralization of 
IL-4 or administration of recombinant IL-12 has been shown to 
induce a curative Thl development in infected BALB/c mice [32]. 
It appeared that Thl and Th2 cells involved in the immune 
responses to Leishmania used a similar TCR repertoire [33], which 
is consistent with our finding of a common precursor for these two 
subsets [30]. It is interesting that in all mouse strains tested so far, 
activated Th cells seemed to pass first through a ThO state. 
However, whereas IL-4 was down-regulated in resistant strains at 
the time of IL-l2 induction, this was not the case in susceptible 
strains, which suggests that in the latter, IL-4 inhibited the induc­
tion ofIFN-yby IL-12 [34]_ 
Moreover, Thl cells are known to promote macrophage activa­
tion through the release of IFN-y and to mediate both TNF­
dependent and -independent cytotoxicity [35,36]; these functional 
activities were inhibited by Th2-cell cytokines. Most Thl clones 
were unable to induce immunoglobulin production by B cells [37], 
whereas most Th2 clones induced IL-4 -dependent IgGI and IgE 
synthesis in B cells [37-39]_ Our experiments with polyclonal ill 
vitro-derived Th cells confirmed the capacity of Th2 cells to induce 
19E (and also IgGI and IgG2a) synthesis in B cells, whereas Thl 
cells failed to provide any B-cell help at all [15]. In the mouse, IL-4 
has remained until now the only known 19B-inducing factor. The 
requirement of IL-4 for IgE production was confirmed in mice 
lacking a functional IL-4 gene [40,41]. 
There is evidence that acute graft-versus-host reactions are 
mediated by Thl cells [42,43] and are inhibited by cells with a Th2 
phenotype [44]. It is conceivable that the high titers of virus-
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neutr3Iizing isotype IgG2a antibody observed in acute viral infec­
tions are induced by the activation of Thl-like cells [45]. More­
over, it has been demonstrated that the induction of Thl cells by 
infections and infestations is associated with protective immunity 
[46]. Conversely, chronic graft-versus-host reactions as well as 
some autoimmune diseases have been thought to be mediated by 
Th2-like cells [47-50]. High 19E levels are commonly observed in 
parasitic diseases, such as infestation with Nippostrongylus brasiliensis, 
and were shown to be. decreased by the administration of anti-IL-4 
as well as by the injection ofIFN-y, the natural antagonist oflL-4 
with regard to IgE synthesis [51]. The induction of Thl cells by 
infections and parasitic infestations has therefore been associated in 
most cases with protective immunity, whereas the induction of 
immune responses with predominandy Th2 cells correlated with 
disease progression or persistence in most of the animal models 
[46]. 
Inflammation Mediated by Thl and Th2 Cells In 1987, 
Cher and Mosmann demonstrated that Thl clones were capable of 
mediating MHC-restricted, antigen-dependent delayed-type hy­
persensitivity (DTH) responses when injected into immunologi­
cally naive recipient mice (DTH1) [52]. In contrast, none of five 
Th2 clones examined elicited significant tissue reactions at the time 
of DTH assessment (24-72 h). Similar results were subsequendy 
obtained by several other investigators [53-55], although it ap­
peared that not all Thl clones induced tissue inflammation [55]. 
The inflammatory reaction mediated by Thl cells was shown to be 
partially dependent upon IFN-y [54] and also upon TNF [1 2]. 
Figure " shows that these two cytokines collaborate in eliciting 
Thl-mediated inflammation, as intraperitoneal pretreatment of 
recipient animals with a combination of antibodies to IFN-y and to 
TNF totally abrogated swelling induced by Thl cells. This is in line 
with the observation of dilferential expression of mRNA for the 
two Thl-typical cytokines IL-2 and IFN-y in classic DTH reactions 
to tuberculin in the human [56]. 
Although it was originally reported that Th2 clones cannot 
mediate DTH-like inflammatory tissue reactions upon local adop­
tive transfer into naive recipient mice [52], this study explored only 
relatively late (24-72 h) reactions. By local uyection ofanti-CD3e­
pulsed [12] or anti-pan-al3 TCR-pulsed (Fig S) Th cells into the 
footpads of recipient mice and subsequent monitoring of paw 
thickness, we have shown that polyclonal Th2 cells are indeed 
capable of inducing inflammatory tissue reactions in vivo. This 
Th2-mediated reaction (DTH2) had a very rapid time course, with 
a peak after 6 h [12]. DTH2 was strongly dependent upon IL-4, as 
blocking concentrations of anti-IL-4 MoAb or soluble IL-4 recep­
tor given by intraperitoneal injection also blocked tissue swelling. 
IL-4 was required very early in the onset of the inflammatory 
response, as intraperitoneal administration of soluble IL-4 receptor 
2 h after the injection of Th2 cells had no inhibitory elfect [12]. 
Neither anti-TNF nor MoAb to IFN--y alfected DTH2 reactions in 
BALBI c mice. 
Together, these results strongly suggest that Thl and Th2 
mediate tissue inflammation specifically via their prototypic cyto­
kines. It is interesting that although distinct cytokines were respon­
sible for DTHI and DTH2 reactions and although their swelling 
kinetics dilfered, the histologic appearance of the lesions could not 
be distinguished. At 6 h after injection of either Th-cell type, a 
polymorphonuclear leukocyte infiltrate was observed; at 48 h, 
mononuclear cells prevailed in both cases. Several alloantigen­
specific Th2 clones also mediated alloantigen- and IL-4-dependent 
inflammation, confirming the data obtained with polyclonal and 
MoAb-pulsed T cells. It is thus possible that Thl and Th2 cells 
recruit leukocytes by similar mechanisms. As chemokines can be 
identified in DTH reactions, they may be involved in leukocyte 
infiltration elicited by both Th subsets. 
When C57BL/6 (H_2b) strain mice were used instead ofBALB/c 
(H_2d) mice for DTH2 experiments, anti-TNF antibody was 
required in addition to soluble 1L-4 receptor to suppress DTH2 
reactions completely. The TNF dependence was dictated by the 
CYTOKINES INHIBITED 
Figure 4. In H_2b mice, Thl-mediated inflammation depends on 
IFN-y and TNF, whereas Th2-mediated responses are mediated by 
11.-4 and TNF. C57BLl6 Thl and Th2 cells were pulsed with MoAb 
145-2Cll and injected into the hind footpads of syngeneic mice pretreated, 
2 h before, with the cytokine inhibitors indicated. Footpad swelling was 
determined after 6 h (Th2) or 48 h (Thl). Error bars, 1 SEM. 
donor T cells, but not by the recipient. The TNF dependence of 
DTH2 reactions correlated with a gene polymorphism segregating 
with the H-2D region of the MHC close to the gene encoding 
TNF-O'. This TNF dependence correlated with the amount ofTNF 
produced: Th2 cells from H_2Db mice produced five- to 30-fold 
higher levels ofbioactive TNF than did Th2 cells from H_2Dd mice 
[13]. Such quantitatively differential TNF production as found in T 
cells has not been observed with macrophages [57]. These exper­
iments suggested that a gene polymorphism affecting TNF expres­
sion may determine the participation of this cytokine not only in 
protective but also in pathogenic immune reactions involving Th2 
cells. Moreover , this may apply not only to Th2 cells , because Thl 
cells from H_2b haplotype mice also produced about 10-fold more 
TNF than their counterparts from H_2d mice, although the pro­
duction in Th1 cells was generally much higher than in the 
corresponding Th2 cells [13]. 
How may IL-4, to which many down-regulatory immune func­
tions have been ascribed, induce tissue inflammation? Several other 
lines of evidence demonstrate the proinfiammatory activities of 
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Figure 5. Th2 cells derived in vitro mediate local tissue inflamma­
tion when pulsed with MoAb to pan-af3 TCR (MoAb H57-597). 
Polyclonal Thl and Th2 cells were pulsed with MoAb H57-597 as described 
in Materials and Methods, iJ:Uected into the hind footpads of recipient mice, 
and analyzed for their capacity to induce footpad swelling. Error bars, 1 SEM. 
IL-4. Transgenic mice overexpressing IL-4 developed allergic-like 
blepharitis with a mononuclear cell infiltrate [58]. IL-4 -transfected 
tumor cells have been described to induce an infiltrate composed of 
eosinophils [59]. We have not observed eosinophils infiltrating the 
lesions induced by anti-CD3e-pulsed Th cells. As anti-CD3e is 
probably rapidly down-regulated, T-cell cytokine production may 
last only for a short period in our system. Thus, short pulses ofTh2 
cytokine release may not last long enough to mobilize eosinophils 
into the tissue lesion. However, long-lasting IL-4 release in vivo, as 
observed with transfected tumor cells, may be capable of inducing 
blood eosinophilia and tissue infiltration with eosinophils [59]. 
Accordingly, allergen-induced peribronchial inflammation and 
eosinophil as well as lymphocyte numbers in bronchoalveolar 
lavage fluid were decreased in IL-4-deficient mice as compared 
with normal and mast-cell-deficient controls [60]. Further evi­
dence for a proinflammatory role ofTh2 cells in vivo was obtained 
in a murine model of respiratory syncytial virus: pulmonary lesions 
with infiltrating polymorphonuclear leukocytes could be prevented 
by combined administration of MoAbs to IL-4 and IL-10 [61]. 
These findings strengthen the concept that Th2 cells play an 
important role not only in humoral immunity, but also in T-cell­
dependent inflammatory reactions and, possibly, in allergic disor­
ders such as atopic dermatitis and allergic asthma that both have 
increased IgE levels as a sign of Th2-cell activation in vivo. 
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